We assessed how self-motion affects the visual representation of the self. We 20 constructed a novel virtual reality experiment that systematically varied an avatar's 21 motion and also biological sex. Participants were presented with pairs of avatars 22 that visually represented the participant ("self avatar"), or another person 23 ("opposite avatar"). Avatar motion either corresponded with the participant's 24 motion, or was decoupled from the participant's motion. The results show that 25 participants identified with i) "self avatars" over "opposite avatars", ii) avatars 26 moving congruently with self-motion over incongruent motion, and importantly iii) 27 identification with the "opposite avatar" over the "self avatar" when the opposite 28 avatar's motion was congruent with self-motion. Our results suggest that both self- 
Introduction 35
Humans have the conscious experience of having a sense of self (Gallagher, 36 2000) . In the last twenty years, there has been a rise in experimental research on 37 bodily self-consciousness and the sense of self . At the same time 38
there has been a rise in the use of virtual reality (VR), which has enabled 39 researchers to manipulate visual feedback of the self, using virtual avatars in order 40 to assess vision's role on the body schema (Maravita and Iriki, 2004) as well as body 41 image (Mölbert et al., 2018) . Although there is no consensus among researchers of 42 these terms, body schema is generally regarded as an unconscious, bottom-up, 43 dynamic representation, relying on proprioceptive information from the muscles, 44 joints, and skin during self-motion (Gallagher, 2000) . On the other hand, the body 45 image is a more conscious, top down, cognitive representation, incorporating 46 semantic knowledge of the body and one's identity including biological sex ( gender (Petkova and Ehrsson, 2008; Maister et al., 2014) . Here, it is the temporal 56 coupling of synchronous touch and vision of being touched that enables one to feel 57 Sense of Self in Virtual Reality 4 embodiment and a sense of agency over another body or body part. Similarly 58 information about self-motion from proprioception and the vestibular system has 59 also been shown to contribute to high-level bodily perception, such as the sense of 60 body ownership (Lopez, 2015) . It has also been suggested that the interaction 61 between vestibular and bodily somatosensations is a form of self-representation, 62
which is important to link the spatial description of one's own body to the spatial 63 description of the outside world (Ferrè & Haggard, 2015) . Further, out-of-body 64 experiences, in which patients localise the self outside their own body and 65 experience seeing their body from a disembodied location, have been attributed to 66 failures in integrating multisensory bodily information due to conflicting visual and 67 vestibular information (Kaliuzhna et al., 2015) . Finally, while experiments have 68 recently shown that bodily self-consciousness may arise from the integration of 69 multisensory signals in fronto-parietal and temporo-parietal regions of the brain 70 , much more work remains to be done to determine the plasticity 71 of human bodily self-consciousness. 72
Self-motion is critical to how we identify sensory experiences related to the 73 body with our identity. Indeed self-recognition among humans, as well as and other 74 species (Gallup, 1970 The Leap Motion controller is a small (7.5 × 2.5 × 1.2 cm) sensor using 3 high-160 powered infrared LEDs and two high-resolution cameras for hand tracking. Its SDK 161 uses undisclosed algorithms based on stereo images to track two hand skeletal 162 models that we integrated with body tracking from the Kinect. 
Task 193
On each trial, participants were exposed to a simple virtual reality scene 194 with 3D depth information that placed two avatars at a constant distance of two 195 virtual meters in front of the observer in depth and were located one virtual meter 196
to the left and right of the observer's straight-ahead. The two avatars could both be 197 the "self" or "other" avatar, or one of each, with either 1:1 or decoupled motion 198 applied to them. Eight conditions made up from these arrangements were each 199 repeated ten times using the method of constant stimuli for a total of 80 trials (Table  200 in While the study presented here has bearing on both the philosophical and 289 neuroscientific perspectives on the sense of self, there are some limitations that 290 should be noted. First, this experiment was put together as part of a workshop for a 291 visiting Korean group of students. While every effort was made to fully translate all 292 instructions and ensure participants fully understood the nature of the experiment 293 it is possible that the circumstances of this data collection could have some bearing 294 on the results. While the sample size was also small due to the convenience sampleof the visiting group, we used a robust Bayesian statistical framework that is capable 296 of equally assessing both the null and alternative hypotheses. We do suggest that 297 future research should replicate this experiment with a larger sample size under 298 different recruitment circumstances. More importantly, we did not collect measures 299 of presence nor did we collect gender preferences from our participants. This we 300 also suggest should be addressed in future experimentation as our unique virtual 301 reality paradigm would be ideally suited to assess to what degree to participants 302 identify their self with their same or opposite sex. Moreover, the paradigm could 303 also enable measurement of the sense of self for changes of other characteristics 304 related to body size, satisfaction, and even adopting non-human avatars that could 305 be embodied. Indeed parametric evaluation of the extend to which visual self-306 motion is decoupled from true motion in addition to changes in the trait 307 characteristics of avatars would allow for the construction of predictive 308 computational models for embodiment in virtual reality. 309 
